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The current global epidemic declared by WHO is COVID-19, which has infected over 2 million people and caused more than hundred fifty thousand deaths until this date (WHO Situation Report [@CR19]). An outbreak that has a transmission rate (*R*~0~) of less than one gradually decreases with time. In the case of COVID-19, the transmission rate is between 3.6 and 4.0 (Zhao et al. [@CR21]); therefore, it is considered as a pandemic. The transmission of the COVID-19 has a zoonotic origin and is like any other respiratory infections. There are two modes of transmission: first is through respiratory droplets, and the second is through contact routes (Tong et al. [@CR16]; Liu et al. [@CR7]; Huang et al. [@CR5]). The respiratory droplet transmission is due to coughing or sneezing by an infected person to another healthy person within a range of 1 m. This type of transmission can be avoided by keeping a reasonable distance between the people and by not coughing or sneezing in open air. The viability of the COVID-19 virus is approximately 3 h in the air (Editor Letter [@CR3]); therefore, it is recommended to use a mask to avoid transmission. Another form of transmission is through contact route, in which the infected person somehow transmits the virus on a surface. This mode of transmission depends upon surface stability, which is the time duration of a material that can hold the virus. The surfaces show an exponential decay in the viability of the virus. The coronavirus can sustain up to 72 h on surfaces like plastic and steel, whereas it is less likely to be stable for such duration on copper and cardboards (WHO Situation Report [@CR20]; Editor Letter [@CR3]). A favorable surface or high surface stability helps in the transmission of COVID-19 virus; therefore, research in the direction of reducing this surface stability is highly desirable.

In the past, some studies have shown that nanoparticles, particularly silver or nanocarbons, are toxic to both bacteria and viruses, because they cause chemical changes in the outer layers of the microbes (Sayes et al. [@CR12]; Gacem et al. [@CR4]). In other studies, researchers have analyzed these surfaces with the focus to create antiviral surfaces. Some of them had suggested that antibacterial or anti-biofouling surfaces are expected to have antiviral properties (Matsumoto et al. [@CR8]). These properties are also demonstrated by hydrophobic surfaces. Because of the low surface energy of these hydrophobic surfaces, attachment and further adhesion of any microbes get reduced. To understand how the nanoparticles are toxic to the viruses, we have to analyze the structures and composition of the coronavirus family as discussed below.
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COVID-19 belongs to the coronavirus family of Genus-β which has 30--40 species (Schoeman and Fielding [@CR13]). It is the seventh coronavirus which affect human, fifth and sixth being severe acute respiratory syndrome (SARS-CoV) observed during 2002--2003; and Middle East respiratory syndrome (MERS) still being observed from 2012. All the three viral infections possess similar symptoms of fever and cough, followed by respiratory tract disease (Schoeman and Fielding [@CR13]). The genome sequence of COVID-19 is much closer to SARS-CoV with an 88% match (Phan [@CR11]). The genome of coronavirus family has four main structural proteins having different functions. The first is spike (S) protein; it is mainly involved in the attachment of virus into the host cell (Kirchdoerfer et al. [@CR6]; Song et al. [@CR15]). The second structural protein is the nucleocapsid (N) protein that gives a response to the host cell and engages in the replication cycle (McBride et al. [@CR9]). The third major structural protein is the membrane (M) protein that determines shape of the cell (Neuman et al. [@CR10]). The last structural protein is envelope (E) protein; it is hydrophobic viroporins and is the smallest of all structural proteins with 76--109 amino acids (Venkatagopalan et al. [@CR17]). The outer layer of viroporins consists of hydrophobic phospholipids (Schoeman and Fielding [@CR13]). Therefore, the outer layer of the coronavirus family has a lipid layer, which helps in interacting with the host cell (Baglivo et al. [@CR2]).

Possible Solutions to Avoid Transmission {#Sec3}
========================================

Since these lipids are hydrophobic and are present in the outer envelope, there is a possibility to break or inactivate these proteins by lipid peroxidation. Sayes et al. ([@CR12]) performed the lipid peroxidation by a water-soluble fullerene nano-C~60~. The fullerene (C~60~) is an allotrope of carbon with antiradical and antioxidant properties (Gacem et al. [@CR4]). These fullerenes are nanoparticles with a hydrophobic character; therefore, they emerge as a colloidal solution when dissolved in water. If the colloidal fullerene solution is illuminated in UVA light, then it produces singlet oxygen (^1^O~2~), which initiates degradation of lipid. This degradation of lipid by the oxidative reaction is known as lipid peroxidation. The deterioration of the lipid layer is dependent on the concentration of fullerene nano-C~60~. A similar observation of lipid peroxidation by fullerene was made on bacterial phospholipid membrane (Alvarez [@CR1]). Figure [1](#Fig1){ref-type="fig"}a shows the illustration of the lipid peroxidation with fullerene coating.Fig. 1Two possible methods to fight COVID-19. **a** By inactivating the lipid layer by coating the surface with nano-C~60~. **b** By reducing the contact area with the virus by surface texturing

Another possible method is by creating a hydrophobic surface, such that the contact area between the virus and the surface decreases, see Fig. [1](#Fig1){ref-type="fig"}b. These types of surfaces have anti-biofouling properties due to their micro-/nano-scale topography that entraps air in the cavity, thereby reducing further adhesion of bacteria (Siddiquie et al. [@CR14]). A typical micro-/nano-scale with microscopic texture (pillar) of height 5 μm and spacing 40 μm, superimposed with nano-scale structures of periodicity 800--900 nm fabricated using femtosecond laser on steel substrate is shown in Fig. [2](#Fig2){ref-type="fig"}a. Figure [2](#Fig2){ref-type="fig"}b shows a plain steel surface to compare with textured surface for their anti-biofouling properties. The plain surface with contact angle 93° has larger number of bacteria adhered (see Fig. [2](#Fig2){ref-type="fig"}b), as compared to the multiscale surface, as shown in Fig. [2](#Fig2){ref-type="fig"}a. The ability to entrap air in between the structures in the multiscale surface has reduced the adhesion of *E. coli.* Since the average size of bacteria is 2 μm, sub-micron topography on the surfaces tends to impart them anti-biofouling properties (Whitehead et al. [@CR18]). In the case of COVID-19, the diameter of virus is 60--140 nm with crone like spikes of size 9--12 nm (Zhu et al. [@CR22]). Therefore, a surface topography with height and spacing less than 60 nm will possibly decrease contact between the virus and surface effectively, thereby minimizing the adhesion of virus on them.Fig. 2Effect of surface texturing on anti-biofouling properties: **a** reduced adhesion on multiscale surface with contact angle = 142°; **b** adhered *E. coli* (green) on plain surface with contact angle = 93°, along with SEM image (scale bar 25 μm) (Siddiquie et al. [@CR14]) (color figure online)

Figure [3](#Fig3){ref-type="fig"}a shows a decrease in of living cells due to the damage caused by lipid peroxidation (Sayes et al. [@CR12]). The effect of surface roughness and contact angle was examined to check adhesion of *E. coli* (bacteria), see Fig. [3](#Fig3){ref-type="fig"}b (Siddiquie et al. [@CR14]). The decrease in number of bacteria adhered to the nano- and multiscale treated surfaces is due to two reasons. First, due to a decrease in contact area, the microbial adhesion also decreases. Second, if the height and spacing of the topography is less than the size of bacteria or virus, then the surface peaks will pierce the envelope and, hence, the surface will act as antibacterial or antiviral. From the results in both Fig. [3](#Fig3){ref-type="fig"}a and b, a decrease in the adhered cells is observed, either by deteriorating the membrane or by reducing adhesion. Matsumoto et al. ([@CR8]) prepared hydrophobic sintered ceramic with La~2~Mo~2~O~9~ powder, which is toxic to microbes as well as is hydrophobic. Figure [3](#Fig3){ref-type="fig"}c shows the reduction of bacteria (*E. coli*) as well as virus (bacteriophage Qβ) on La~2~Mo~2~O~9~ ceramic with respect to time.Fig. 3**a** Linear decrease in no. of cell with lipid layer, due to lipid peroxidation by fullerene C~60~ (Sayes et al. [@CR12]); **b** decrease in number of bacteria due hydrophobic surface (Siddiquie et al. [@CR14]); **c** decrease in *E. coli* (bacteria) and bacteriophage Qβ (virus) due to hydrophobic (Matsumoto et al. [@CR8]).

It is concluded from the above discussions that both types of surfaces, i.e., hydrophobic as well as nanocarbon-coated, demonstrate beneficial decrease in the surface stability for COVID-19. The surfaces coated with nanocarbon with particles of average size of 60 nm will be helpful in two ways. They will create a hydrophobic surface with minimum contact area and will also be toxic to lipid layer of the virus.

Conclusions {#Sec4}
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This paper presents various causes of transmission of COVID-19, with a brief discussion on structural protein present in the virus. The lipid layer present in the COVID-19 can be inactivated by the surfaces coated with nanocarbons. The UVA-illuminated nanocarbon helps in lipid peroxidation. Another aspect of inhibiting transmission is to decrease attachment of the virus by creating hydrophobic surfaces. In this context, fabrication of micro-/nano-multiscale textured surface could decrease surface stability for COVID-19. These surfaces will minimize adhesion by reducing contact area between the virus and the surface. Also, coating with activated fullerene C~60~ with size less than 60 nm will generate a hydrophobic surface, which will have the property to inactivate the lipid layer of COVID-19.
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